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Noir de carbone electriquement conducteur et composition* electriquement conductrice contenant ce. note at 
procada pour la preparation da ce noir. 


tCe noir de carbone ayant una excatlente conductivity 
^Ique, QST obcena par traitemanr thermique d'un m^lang^ 
de noir'de carbone ayec un polymers et/ou una substance, 
bitumfneusc pouvant etre esaentieifement transfofmds en car* 
bone 4 una lemp^ature qui n'est pas^fdrieure S 1 000 ^ n 
ayant un pH qui n'est pas infdrieur d 9, una surface spScifique 
de ^ d 70 mVa ei une adsorption diode de 50 h 80 mg/g. 

Application de ce noir poUr rendra des ooiymdres elactriquB« 
ment conductaurs. 
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NOIR DE CARBONE ELECTRIQUEMENT CONDUCTEUR ET COMPOSITION 
ELECTRIQDEMENT CONDUCTRICE CONTENANT CE NOIR, ET PROCEDE 
POUR LA PREPARATION DE CB NOIR 

La present© invention concerne un noir de carbone 
5 appropri^ pour communiquer une conduct ivite electrique azax 
r^sinessynth6txqueset/ou aux matiferes du type caoutchouc 
(d^slgn^ par la suite par noir extrdmeiaent conducteur) . La 
presente invention concerns ^galement une composition elec- 
triqueitient conductrice dans laquelle ce noir de carbone est 

10 incorporS i des rSsines synthfitiques et/ou k des matiferes 
du type caoutchouc* 

Afin de donner une conductivity 61ectrique aux r^si- 
nes synth^tiques et/ou aux matiferes du type caoutchouc ^ on 
salt dans la technique leur a j outer du noir de carbons tel 

15 que par exemple du noir d*acdtyl&ne, du noir de four, du 
noir de carbone (d4$iqn^ par la suite par soua-produit noir 
de carbone) formd comme sous-produit dans la fabrication de 
gaz de synthase,- etc. En ce qui concerne les proprifites 
physiques des produits noir de carbone qui sont disponibles 

20 dans le commerce, voir le tableau I. 
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elle peut avoir une influence d^favorable sur les autres 
propriety s de ce5 produits : par exemple il peut se pro-- 
duire une diminut-lon de la coulabilite on das propridt^s 
ro^caniques. En plus de 1' aptitude h donner la conductivity, 
5 on peut d^sirer fortement avoir d' autres propri^t^s* 

La pr^sente invention a pour objet principal la 
fourniture d'un noir de carbone qui ne poss&de pratiquement 
pas les inconv^nients de I'art anterieur^ et qui peut Stre 
utilise en quantites plus faibles pour donner une conducti- 

10 vite ^quivalente ^ une resine, un caoutchouc, etc . ^ sans 
provoquer une diminution de leurs autres proprietSs, afin 
d'obtenir ainsi des compositions 61ectriqueiuent conductri- 
ces avec des propri6t^s physiques amellor^es* 

Selon vm aspect de la prdsente invention, il est 

15 fourni un noir de carbone ayant une conductivity ^lectri- 
que excellente, qui est obtenu par traitement theraiique 
d'un melange de noir de carbone avec un polyinfera et/ou une 
substance bitumineuse pouvaixt Stre essentijellement trans- 
formes en carbone a. une temperature qui n'est pas infdri- 

20 eure k 1000**C, ledit noir de carbone ^tant caract^rise par 
le fait qu*il a un pH qui n'est pas infirieur .h 9, une sur- 
face specif ique de 40 ^ 70 xn'/g et une adsorption d^iode de 
50 k 80 mg/g. 

selon un autre aspect, la presents invention four- 

25 nit une composition eiectriquement conductrice dans laquel- 
le h 100 parties en poids de rSsine synth^tique et/ou d'une 
mati&re du type caoutchouc sont ajout^es 5 100 parties en 
poids de noir de carbone obtenu par le traitement thermique 
d'un melange de noir de carbone ayec un' polymer e et/ou une 

30 substance bitumineuse pouvant §tre transformes essentiel*- 
lement en carbone a une temperature qui n'est pas inferi- 
eure h 1000**c, ledit noir.de carbone ayant un pH qui n'est 
pas inf erieur & 9 , une surface spScif ique de 40 & 70 ro^ /g 
et une adsorption d'iode de 50 ^ 80 mg/g« 

35 Selon encore un autire aspect, la prSsente invention 

fournit un precede pour la preparation du noir de carbone 
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^lectriqueiaent conducteur qui consiste h ajouter au noir de 
carbone une substance orcjanique h haut poids moleculaire 
e-t/ou une substance bitumineuse ayant des atomes de carbone 
li6s aux molecules puis h traiter par vole thermique le 
5 produit obtenu h une temperature qui n'est pas inferieure 

Les objets mentiona^s cl-dessus et d'autres objets 
et caract^ristiques de la presents invention apparaitront 
au fur et h mesure de la description d^taillde en ^e r6£e- 
10 xrant aux dessins ci- joints, sur lesquels : 

- la figure 1 est un graphique mon brant la relation 
entre I'indice d ' ^couiement h I'etat fondu et la resisti- 
vity transyarsale du noir de carbone de la pr^sente inven- 
tion el: des produits disponibles dans le commerce ; 

15 - ta9 figures 2-1 i 2.-3 incluses sont des photogra- 

phies montrant les images de diffraction des rayons X de 
produits disponibles dans le coimaerce (noir d'ac4tyl§ne, 
"Vulcan XC-TZ" et "Ketchen EC* (laarcjues d^pos^es)) ; et 

- ta f-Cgwe 2^4 est une photographie montrant I'ima- 
20 ge de diffraction des rayons X du noir de carbone de la 

pr^sente invention, 

Le noir de carbone ^lectriquement conduct eur de la 
present© invention est obtenu par craquage thenaique d'un 
melange de noir de carbone avec le polymfere sp^cifique et/ 

25 ou la substance bitumineuse ^ une temperature qui n*est pas 
inferieure h lOOO^C, Done un melange du noir de carbone de 
depart avec le polym^re et/ou la substance bitumineuse pou- 
vant 3tre essentiellement transform^s en carbone i une tern- 
. pdrature de 1000''C (d^signSe par la suite par "substance 

30 source de carbone") est traits par voie thermique a des 
temperatures ^lev^es. 

Les substances source de carbone ut Hisses dans la 
pr^sente invention peuvent comprendre des r^sines de chlo-- 
rure de vinyle, des rfisines d'acrylonitrile, des r^sines de 

35 styrfene, des rfisinea de poly6thylSne , des r4sines d' acetate 
de polyvinyle, des risines de copolym&re dthyl&ne/acdtate 
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de vinyle, des latex da copolymeres h base de styrfene et 
de butadiene^ du caoutchouc naturel^ du goudron^ de la poix, 
de I'asphalte et produits analogues . 

Tout type disponible de noir de carbone peut etre 
5 utilise coinine noir de carbone de depart, mais la preference 
est donn^e au noir d'ac^tylfene susiuentionn^ et au sous-pro- 
duit noir de carbone, chacun ayant une certaine aptitude & 
donner la conductivity. La proportion de la substance sour- 
ce de carbone par rapport au nalr de carbone de depart peut 

10 etre telle que le noir de carbone conducteur contienne 1 & 
30 % en poids de carbone form^ par le craquage thermique de 
la substance source de carbone aprfes le traitement therrcii- 
qu$^ II en est ainsi parce qu'on obtient une conductivity 
insuffisante avec des quantit^s inf^rieures ^ 1 % en poids 

15 tandis qu'il se forme das particules plus grossiferes avec 
des guantltSs d^passant 30 % en poids* 

Coitaae zaentionn^ c±-dessus, la conductivity dlectri- 
que du noir de carbone de depart est atn^lioree par le trai-- 
tement thermique d'un melange de noir de carbone de depart 

20 avec la substance source de carbone h. une tenip^rature suf- 
fisante pour que se produise la carbonisation de la subs- 
tance source de carbone. La temperature appIiquSe & cette 
fin doit Stre de pr^f Irenes comprise entre lOOC'C et 2000**C, 
mais la llmite sup^rieure de 2000*^0 n'est pas critique. A 

25 nne temperature inf6rieure ^ 1000*'C, on n'am^liore pas $u£- 
fisanunent Inaptitude ^ donner la conductivity.. Particulifere- 
ment, quand le noir de carbone de depart utilise est un car- 
bone sous-produit tendant ^ se transformer en graphite fa'*^ 
ellement, une temperature de 1000"C i leoC'C est de prSfS- 

30 rence appllqu^e car & une temperature sup^rieure h 1600^C, 
la graphitisatlon a lieu facilement de sorte qu^il se pro- 
duit une perte de 1' aptitude & donner la conductivity. 

Afin de realiser une dispersion suffisante de la 
substance source de carbone dans le noir de carbone^ on 

35 peut la granuler au pr^alable avec un granulateur appropri^ 
en utilisant I'eau ou un solvant comme milieu, et en m^lan- 
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geant le tout- pour* le traitement thennique ultdrieur, 

L* atmosphere dans laquelle le traiteinent thexmique 
est effectud n'est pas critique mais la prdf£rence est 
donnSe h une atmosphfere non-oxydante, telle que azote, 
5 drogfene, argon, helium, etc. 

On proc^dd pr^f^r4 pour la preparation de noir d,e 
carbone filectriquement conducteur comprend la granulation 
du noir de carbone de depart et de la substance source de 
carbone, le mSlangeage du produit ainsi granule et le trai- 
10 tement thermique du melange ainsi obtenu & une teinpdrature 
deiooo ^ 2O00'*C| de pr^f^rence d.e 1000 h ISOO'^C dans une 
atmosphere non-oxydante. 

Le noir de carbone conducteur obtenu selon la pr4- 
sente invention a une valeur jcninintum de pH de 9^ une eur- 
15 face spficifique de;^, 40 h 70 /g et une adsorption d'iode de 
50 a 80 mg/g- Quand le pH^ la surface specif ique et I'ad^ 
sorption d*iode sont respectlvement inf^rieurs a 9,. 40 /g 
et 50 mg/g, le noir de carbone a une falble aptitude h don- 
ner la conductivity* Quand la surface sp^cifique et I'ad* 
20 sorption d'iode d^passent respectlvement 70 m^/g et 80 mg/g^ 
par ailleurs, le noir de carbone est excellent en ce qui 
concerne son aptitude h donner la conductivity, mais donhe 
une coulabilitiS insuffisante quand il est ajb\itd k la rfisi-- 
ne $ynth6tique et/ou ^ la matifere du type caoutchouc^ 
25 Dans la pr^sente invention il est important que pour • 

r^aliser des effets davantage satisfiaisants^ la substance 
source de carbone soit carbonis^e en phase gaseuse quand 
elle STibit le processus du craquage thermique. 

XI est ^galement: pr£f Arable d*empecher la substance 
30 source de carbone de se diss^mlner et d'gtire ainsi perdue 
en la portant rapidement & la temperature ^ laquelle le 
trai tement thermique doit etre effectu6- 

Iia prfisente invention f ournit. 6galement une compo- 
sition eiectriqueroent conductrice dans laquelle le noir de 
3S carbone extremement conducteur est tncorporfi h la r6sine 
synthiStique et/ou k une mati&re du type caoutchouc, Les 
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exemples concrets de la x&sine synth^tique et/oa de la ma*- 
tl^re dxx type caoutchouc (designees par la suite par poly 
mere de base) sont (1) les r^sines thermoplastiques telles 
que resine de polyethylene, copolymere ^thyl&ne /acetate de 
5 vinyle, polypropylfene, styrene, chlorure de vinyle, acetate 
de vinyls / resine m^thacrylique , resine de copolymSre acry- 
lonitrile^butadifene-styr^ne, oxyde de polyphenylene (resi- 
ne PPO) * PPO modifi^e, polycarbonate^ polyacetal et resine 
de polyaiaide ; (2) rdsine tbermo-durcis sable telle que re- 

10 sine de phSnol» de m^lamine, d'urde, alkyde, Spoxy et de 
polyesters insaturis^ et (3) matiferes du type caoutchouc 
telles que caoutchouc naturel ainsi que caqutchouc de chlo- 
ropr^ne, copolymere styrene-butadi^ne , copolymere butadiene- 
acrylonitrile, copolymfere k base d* ethylene et de propylene, 

15 copolymere sequence styrene -butadiene , ur^thane et silicone. 
Dans la pr^sente invention 5 & 100 parties en poids du noir 
de carbone extrezaeinent conducteur sont ajout^es k- 100 par* 
ties en poids du polytn&re de base. Quajid la quantity de 
noir de carbone extrSmement conducteur est inf^rieure ^ 5 

20 parties en poids, il est impossible d'auginenter suffisam- 
ment la conductivity de la composition* Par ailleurs, la 
coulabilitS de la composition devient mauvaise quand le 
noir de carbone est ajoutS k ralson de plus de 100 parties 
en poids. 

25 Pour preparer, la composition de la pr^sente inven- 

tion, on utilise y en plus du polym&re de base et du noir de 
carbone extrSmement conducteur, divers additifs connus tels 
que plastif iants , auxiliaires donnant la conductivity tels 
que paillettes d ' aluminium , fibres de bronze, fibres d'acier 

30 inoxydabie et fibres de carbone, charges, agents renfor^ants, 
antioxydants, stabilisants a la chaleur, lubrifiants, retar* 
dateurs de flamme, agents rSticulants, auxiliaires de reti- 
culation et produits anti-bv, si n^cessaire. Ces roatifer^s , 
peuvent §tre myiang^es ensemble au moyen d'un appareil ap- 

35 propria tel que melangeur du type granulateur, m^langeur du 
type en V, melanger "Henschel" ou malaxeur "Banbury", ou un 
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dlspositif de malaxage ou de malaxage/nSlangea^e du type en 
continu avec un rotor monte a. 1 • int^ rieur . La composition 
de la pr^sente invention peut etre mise en cBuvre telle 
qu'elle ou apr^s avoir ^t6 transformee en gel par fusion 
5 suivie d'une granulation, en utilisant des machines de trai^ 
tetnent telles que extrudeuse directe^ presse a mouler par 
injection, presse h laoulex par compression, machine de mou- 
lage & rouleauic^ macliine de moulage par rotation ou machines 
analogues • 

10 Quand le noir de carbone obtenu de cette fagon est 

ajout4 ^ un copolymfere ^thyLfene/acdtate vinyls contenant 
15 % d* acetate de vinyle^ qui a un indice d'dcoulement a 
X*6tat fondu de 35 g/10 minutes (mesur< ^ 20CC sous une 
charge de 5 kg selon la norme JI5 K 7210)i une conduct ivi** 

15 ^lectrique dlevSe en t;ermes de resistivity transversale 
de 1,7 4 10 ohm. cm est obtenue dans un domaine d' indice 
d'^coulement ^ I'dtat fondu de 1,1 h 10 g/10 minutes. 

En g^n^ral, 1 'addition de noir de carbone 4lectri- 
quement conducteur en quantit6s plus grandes entraine la 

^0 realisation d'une conductivity electrique ^levSe mais Influe 
ddfavorablement sur la coulabllitS et rend la mise en qeuvre 
non praticable. Au contraire, le noir de carbone selon la 
prdsente invention donne naissance h une conductivite Elec- 
trique yiev^e dans une plage de 1' indice d'^coulement i 

25 l'6tat fondu compris entre 0^1 et 10 g/lO minutes, plage 

dans laquelle la mise en ceuvre est facile. Cette conducti- 
vity yiectrique yievde n'est pas obtenue du tout avec le noir 
de carbone conducteur classique. Par exemple, m§in8 avec le 
noir "Ketchen EC" (marque dfipos^e par la Iffippon EC C6,, Ltd) 

30 qui donne la conductivity la plus yiev^e parmi les autres 

noirsde carbone dans la plage d.' indice d'^coulement ^ I'etat 
fondu de 0,1 ^ 10 g/lO minutes, la resistivity transversale 
obtenue est de I'ordre de 4^-50 ohm. cm qui est bien supyri- 
eure 3l celle ob'tenue avec le noir de carbone eonforme k la 

35 pryscnte invention- (Voir figure 1). 

La Demanderesse a d^couvert que le noir de carbone 
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selon la prdsente invention peut fournlr une composition 
ayant une conductivite flectrigue elev^e sans amener une 
diminution de I 'aptitude & la mis e en OBUvre. 

La presents invention fournit encore une composi- 
5 tion comprenant S ^ 100 parties en poids du noir de carbone 
h. conductivite electrique elev^e et 1 ^ 100 parties en 
poids de fibres de carbone pour 100 parties en poid$ du po-- 
lymfere de base, ladite composition ayant une conductivite 
Electrique elevee qui en termes de r^isistivitfi transversa- 

10 le est de 10**^ ohia-cia. 

Le noir de carbone k conductivite Electrique 61ev6e 
obtenu selon la presente invention est ajoutE s 100 parties 
en poids du polymere de base h raison de 5 a 100 parties en 
poids de preference de 15 ^ 100 parties en poids. En une 

15 guantite inferieure ^ 5 parties en poids, la composition 
rflsultante a une faible conductivite, tandis qu'avec une 
quantity d^passant 100 parties en poids on ne peut pas ef^ 
fectuer un malaxage homogfene de sorte que Inaptitude h la 
mise en cEuvre diminue bien que certain^s ameliorations de 

20 la conductivity soient r^alis^es. 

Selon la pr^sente invention il suffit d*utiliser 
des fibres de carbone disponibles dans, le comiaerce. Par 
exemple^ sux le marche on trouve des fibres de carbone ob- 
tenues en formant une znati&re fibreuse k partir de poly- 

25 acrylonitrile (PAN) ou de poix et en rendant la matifere in- 
fusible puis en la calcinant ou en dSveloppant une phase 
gazeusQ de gaz d'hydrocarbuxes themtiquement craqu^s. Ces 
fibres peuvent §tre utilis^es seules ou en cotnbinaison- 

Les fibres de carbone sont ajout^es k 100 parties 

30 en poids du polym&re de base & raison de 1 i 100 parties en. 
poids, de preference de 5 & 40 parties en poids. Avec une 
quantity inferieure h une partie en poids, des dif f icultSs 
surgissent pour ameliorer la resistance m^canique de la 
composition rdsultante, tancLis qu'avec des quantit^s d6pas- 

35 sant 100 parties en poids, il y a une diminution de la cou- 
lability. 
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La micro structure du noir de carbone- obtenue par 
le proc^d^ mentionne ci-dessus peut §tre analysee par dif- 
fraction des rayons X. Quand le faisceau de rayons X tombe 
sur le noir de carbone, la longueur interlaminaire et la 
5 hauteur moyenne de chevauchement dans la direction de I'axe 
sont exprijnees par 1' analyse de la reflexion (002), et le 
diam&tre planaire moyen dans la direction de l^axe ab e^st 
obtenii par I'analyse des bandes (100) et (110). L'lmage de 
diffraction des rayons X obtenue donne une image nette de 

10 la structure interne du noir de carbone. 

Les images de diffraction des rayons X des noirs 
conducteurs classiques "Vulcan 0-^72" et "Ketchen EC" sont 
iTOTtries sur les photographies 2, 3 donnees sur les figures 
2-1 ^ 2'*3. Comme on peut le voir d'aprfes ces photographies, 

15 les anneaux de diffraction sont obscurs^ ce qui signifie 
que la croissance des cristaux est insuffisante^ 

L' image de diffraction des rayons X du noir d ^ace- 
tylene est montr^e sur ia photographie 1 d'aprfes laquelle 
on peut voir que I'anneau de diffraction est clair, ce qui 

20 signifie que la croissance des cristaux est suffisante. 

La photographie 4 sur la figure 2-4 roontre 1* image 
de diffraction des rayons X du noir de carbon© de la pre- 
sente invention qui a une excellente conductivity electri- 
que^ image d'aprfes laquelle on voit que I'anneau de diffrac- 

25 tion est clair, ce qui Signifie que les cristaux se sont 
dSveloppis & un degrS suffisant. 

On s' attend ^ ce que la composition de la presente 
invention soit utilises pour des feuilles anti-statiques , 
des courroies de miee i la terre pour ^liminer 1' electric!- 

30 t^ statique, des antennes de communication^ des structures 
pour faire £cran aux ondes electromagn^tiques , des cables 
coaxiaux, des filtns, des g^n^rateurs de chaleur plats, des 
milieux d'enregistrement magnetiques, des formes ilectri- 
quement conductrices , des rubans video, des peintures et 

35 des compositions de revetement ^lectriquement conductrices. 

La priSsent invention est lllustree par les exem- 
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En utilisant ce noir de carbone, on r6p6te le pro- 
e4d4 de I'sxemple 1 pour preparer une composition electri- 

quement conductrice. 

I.es propri^t^s physiques des produits ainsi obtenus 

5 sont indiqu6es dans le tableau 2. 
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Exemple 3 - Emulsion PAN : 

on z&pkte. le procdd^ de 1' exemple 1, sauf qu'a la 
place de la rSsine de chloxure de vinyle on utilise 2S par- 
ties en poids, caleul^es en produits solid^s, d'une ^mul- 
5 sion de polyacrylonitrile (PAN) , (ay ant une teneur en matifere 
solide de 50 % et preparee par polym^xisation en emulsion de 
I'acrylonitxile) . Comme resultat, on obtient 106,8 parties 
en poids de noir decarbone ^ partir desquelles on prepare 
une composition £lectric[uement conductrice de la facon de- 
10 crite dans 1* exemple 1. 

Exemple 4 - Emulsion d'asphalte t , 

on r^p&te le proc^dS de 1' exemple 1« sauf qu'li la 
place de la r4sine de chlorure de vinyle on utilise 25 par- 
ties en poids / calculdes en produits solides, d*une ^mul- 
15 sion d'asphalte (ayant une teneur en produits solides de 47 
et vendue sous la marque dfiposee de "PK-4" par Toa Doro Cb-i 
Ltd) ce qui donne 105,2 parties en poids de noir de carbone. 
A partir de ce noir de carbone on prepare une. composition 
^lectriquement conductrice de la aSme fagon que d^crit 
20 dans 1* exemple 1. 

Les propridtSs physiques du noir de carbone et des 
compositions obtenues dans les- exemples 3 et 4 sont les 
suivantes : 
I 

25 '§,0 fl) Exemple 3 Exemple 4 

^^1 PH 10,1 7,6 

i!*^ « Surface sp6cifique. (mVg) . 60 50 
y« Adsorption d' lode (mg/g) 70 55 


30 


0 trna 
u -A 



Resistivity transversale 9,0 6,5 
(S2«cm) 

Indice d'^couleroent k I'fitat 

35 uSl fondu (g/10 min.) 5,0 6,5 
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10 


^ ,,pete 1^ proc^d. I'eiemple 1, sauf qu on 

utilise 100 parties en poids da r.sine de P^^^^^^ 
("BJHH-B-, tuar«iae depos^e, de Mitsui Toatsu Co., Ltd) 
place de 1. r.sin. de copoly«.xe 4thyl.ne /acetate de vxny- 

pane les examples coxt^aratifs, on r.p^te le proc6- 
d« r example 1, sauf qu'on utilise le noir da carbone 
a6 de 1 exempie i, i ^.^wieau 1 dans les proportioni 

du eominerce mentionn^ dans le tableau 

«sn^cl£i6es dans le tableau 3. • 
indiqufies dans le tableau 3. 
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Eacemple 6 et exemples comparatifs 7 ci 9 : 

le noir de carbone obtenu dans 1 'example 1 est ma- 
laxe avec une r6sine h base de styr^ne dans des proportions 
specifiers dans le tableau 4, avec 0,5 parties en poids de 
5 2p6-dibutyl-'4-methylph(^nol (BHT) et 0,5 partie en poids de 
tri(nonylph^nyl) phosphite (TNP) , chacnn servant d'antloxy- 
dant, et 1 partie en polds de stdarate de zinc servant de 
lubrifiant. Les proprietes physiques .des compositions obte- 
nues sont indiquees dans le tableau 4, 

10 Dans le tableau 4, les resines de styrfene A et B, 

toutes les deux fabriquess par Denki KagaJcu Kogyo Co., Ltd, 
coule extrSroement bien, la r^sine de styrfen^ resistant au 
choc J|"HlS-3", marque dSpos^e) et un polymfere s6quenc6 de 
styrfene/butadiene (STR'-1602 marque dSpos^e) sont mentionn^s 

IS respectivement. 

A titre de comparaison, le noir de carbone indiqud 
dans le tableau 1 est roalax^ de la m^me fa^on et dans les 
proportion mentionn^es dans le tableau 4. 


FEB-17-1998 16:58 


P. 21/46 

2537984 



Ketch en EC 

CO 

in 

in 

1 


CM 

r- 
O 

1^ 
O 


2,79 

o 

)le comparatif 

CM 

1 

U 
X 

d 

a 

H 

> 

in 

oa 

in 


fM 

o 

ON 

cn 

CM 

CD 

CM 

X 

c: 

0 

u 

(tS 

u 
d> 

M 
-H 
0 

in 

GO 

ID 

o 

n 1 

m 

m 
m 

m 

Ml 

m 

OO 
CM 

CO 
CM 

Q} 

ai 

i 

0) 

c c 

O 0 

A -H 

« a 
> 

TO H 

O 0) 

IT) 
00 

vn 

o 
m 



ih 

n 

cv 






0 

0 

J> 
U 
(Q 
O 

0) 

U3 
I U 

Id 

> E 
1 ^ u 
I jj « 

1 in C3 

C o 

Q) ^ 
0) tJi 

O 3 

• 0 

0) 4J 
U (Q 

H H 

.Q) p< 

^ 0) 
0 H 
OH 

V4 
D 

O 
0 

o 

3^ 

S 
V 
0) - 
U 2 
C OS 
Id 

(fl 0 

N 

pi H 

Resistance Sl la rup-- 
ture (daN/mm* ) 

-P 
C 
0) 
E 
0) 

D» 
c 
o 



-H 

a 


duioo 



FEB-17-1998 16:59 


P. 22/46 


2537984 


- 20 - 


Exeiirple 7 et exeroples edmparati fs 10 et 11 t 

le noir de carbons obtenu dans I'exemple 1 est 
ajout6 a du caoutchouc de chloroprene et malaxi avec celui- 
ci dans les proportions mentionndes dans le tableau 5. Les 
propriStfis physiques des compositions ainsi obtenues sont 
indiqu^es dans le tableau 5. A titre de comparaison du 
"Denka Black" et du "Ketohen EC" montr^s dans le tableau 
1 sont ajoutfis et aalastes dans les proportions sp^cififies 
dans le tableau 5. 
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Tableau 5 



Exetnole 5 

Exemple eompazatif 



Noir de car- 
bone de 
1 • invention 

10 
Denka 
Black 

n 

Ketchen 
EC 

Proportions des coinpo- 
sitions (parties en poids) 

Caoutchouc de 
chloroprfene (M-40) . 

100 

100 

1.00 

Acide st^aricjue 

1 

1 

1. 

Nckusera CZ 


1 

.1 

MgO 

4 

4 

4 

ZnO 

5 

S 

5 

Sansera 

0,5 

0,5 

0,5 

£3oir de carbone 

30 

30 

15 

tn 

1 

Resistivity trans* 
versale (nocin) 

25 

406 

21 

Viscosity Mooney 
ML 1 + 4 (100'C) 


70 

100 

Resistance k la 
traction (daN/cm* ) 

183 

209 

241 

Allongement (%) 

500 

470 

330 

DuretS (%) 

67 

70 

72 

Allongement per-- 
manent par com- 
pression (%) 

25 

27 

28 

Module d'Slasti- 
clt« (%) 

45 

42 

37 
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Dans le tableau 5, les substances sisivantes sent 
utilisees* 

(1) caoutchouc de chloroprfene t "Denka Chloroprepe Rubber 
£1-40", marque deposee, fabxlque par Denki Kagaku Kogyo 

5 CO , , Ltd ; 

(2) Nokusera-C2 : "Nokusera-CZ" , marcjue ddpos^^f fabrique 
par Ouchi Shinko Co*, Ltd (agent pour la r<S5istanca au 
vieillissement) ; 

(3) Sansera ; '*Sansera-22*' , marque d^posee/ fabriqu^ par 
10 Sanshln Kagaku Co., Ltd (promoteur ds vulcanization). 

Les propri6tes physiques du noir de carbons utili- 
se dans les examples de la presente invention et les exem* 
ples comparatifs et celles des compositions utilisant ce 
noir sont mesur^es de la fagon suivante s 
15 A. Propri^tds physiques du noir de carbone 

(1) pH : noruie JIS K-1469 

(2) surface specif ique t m^tbode BET 

(3) adsorption d'iode ; norme J15 K-6221 
B. Propri^t4s physiques de la composition 

20 (1) resistivity transversals . 

Les granules obtenus sont transformes en plaque 
mesurant 2 x 70 x 20 mm en utilisant une presse k mouler 
par injection (press© autojiiatique ^ mouler par Injection 
du type k vis, type V-15-75 (V-15-75 type Screw Type Auto- 

25 matic Injection Molder) fabriqu^e par Nippon Seikosho. 

L^Schantillon obtenu est mesur^ avec un multiia&tre numdri- 
que ("TR 6856", marque dfiposde, fabriqu6, par Takeda Rikeit 
Co., Ltd) I 

(2) indice d'ecoulement k l*etat fondu x norme JIS 

30 K-7210 ; 

(3) duret6 Rockwell : norme JIS K-7202 ; 

(4) resistance au choc l2od : norme JIS K-7110 ; 

(5) point de ramollissement vicat : norme JIS K-7206 

(6) resistance & la rupture et allongement ; norme 
35 JIS K-7113 ? 

(7) resistivity transversals t Japan Rubber Asso- 
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ciety z norme SRIS 2301-1968 ; 

(8) viscosity Mooney : norme JIS K-6300 ; 

(9) la resistance i la traction, I'allongeiaent , la 
duret6, 1 ' allongement permanent par compression et le modu-- 

5 le d'61asticit^ sont tous mesurSs selon la noma JIS K-6301. 
Pr(^paration et fflegure des ^chantillons de noir de carbone 
malaxes 

(1) 100 parties de rSslne. EVA sont malaxSes avec 
una partie d'un agent pour la resistance au vieillissement 

''O ("Nokuraku 630B"^ marque d^posee^ fabrique par Ouchi Shinko 
Kagaku Co.,, Ltd) et 30 parties du noir de carbone, en uti- 
lisant un malaxeur d'essai ( "Laboplastograph R-60"/ marque 
d£posSej £abriquS par Toyo Seiki Seisakusho Co., Ltd) & 
IZO^C pendant 10 minutes avec une vitesse de rotation des 

15 pales de 60 tours /minute, pour obtenir ainsi tin 6chantilXon. 

(2) La resistivity transversald de l'4chantillon 
est mesur^e en determinant la r<£sistance Slectrique d'une 
plaque de 2mmx20iniax 70mm avec on multimfetre numdri- 
que ("TR-sasfi", marque depos^e, fabriqud par Takeda Riken 

20 Co., Ltd), ladita plaque 6tant obtenue en pressant I'ichan- 
.tillon sous une pression de 100 daN/cm^ tout en le chauf- 
fant & 145"C. 

(3) L'lndice d'6coulement a.'l'6tat fondu est mesur^ 
selon la norme JIS K-7210 h une temperature de ISO^'C sous 
une charge de 5 kg. 

Comme le montre le tableau 6, avec le noir de car- 
bone prepare selon la pr^sente invention, la conductivity 
de celui-ci peut Stre aindlioree considirablement sans pro- 
voquer des changements importants de la coulabilit£ expri- 
m^e en termes d*indice d'dcoulement & I'dtat fondu. 

Dans les exemples suivants, les pourcentages et les 
parties sont indiquds en poids. 
Sxemple 8 : 

comme noir de carbone et comme substance source de 
35 carbone, on utilise respectivement le noir d'acetylfene (ar- 
ticle comprimfi a SO fabriqud par Denki Kagaku Kogyo Co., 
Ltd) et du chlorure de polyvinyls finement divisfi ("SUMILIT 
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EX-A, marque d^pos^e, fabrique par Sumitomo Kagaku Kogyo 
Co., Ltd*). 25 g de chlorure de polyvinyle sont melanges 
avec 100 g de noir d'acetyltee et granules huinides dans un 
iQalaxeur "Hezischel" (znarque d^po^^e) en ajoutant de I'eau). 
5 Les partlcules obtenues sont sous la forme de spheres ayant 
1 a 5 mm. Apr^s sechage, les particulas sont chargees dans 
un recipient qui est ^ son tour place dans un four electri- 
que, dans lequel passe de I'azote, ou elles sont maintenues 
a IBOCC pendant 1 heure. Ensuite, le recipient est enlevd 

10 du four 61ectrigue et refroidi tel quel k la temperature 
normale- Par ce traitenient thermigue, on obtient 105 g de 
noir de carbone h partlr des 125 g du melange de depart. 

30 parties du noir de carbone alnsi obtenu sont ma- 
lax^es avec 100 parties de copolym^re ethylene-acetate de 

15 vinyle ("NUC-3145" - marque d^posee, r^sine EVA fabriqu^e 
par Nippon Yunika Co,, Ltd,) pour obtenir un echantillon 
dont la resistivity transversale et I'indice d' (Seoul ement h 
I'Stat fondu (dSslgn^ siiAplexnenl: par MFR) sont indiquSs 
dans le ^tableau 6, A titre de eomparaison, le tableau 6 

20 montre Sgalement les mesures faxtes sur un Echantillon de 
noir d'aaStylfene qui. a 6te traits h 900°C, pas traitfi du 
tout et traite ^ 1300'C pendant 60 minutes d'une facon si- 
milaire sans avoir ajout($ une substance source de cairbone* 
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La preparation et la mesure de I'^chantillon mala- 
xe de noir de carbone sent effectuees de la fagon suivante : 

(1) 1 ' echantillon est prepare en malaxant ensemble 
100 parties de risixie EVA, 1 partie d'agent pour reslstan- 
5 ce au vieillissement ("Nokurakku 630F" - marque deposee - 
fabrxque par Ouchi Shinko Kaga3cu Co,, Ltd.) et 30 parties 
de noir de carbone, dans un appareil d*essai de broyag-e 
("Laboplastograph - marque deposes - fabrique par 

Toyo Seisakusho Co,, Ltd) a une temperature de laCC pen- 
10 dant 10 minutes, les vitesses des pales etant de 50 tours/ 
minute * 

(2) La resist! vit4 transversale de 1 ' echantillon 
obtenu est mesurfie en pressant celui-ci ^ une temperature 
de 'lAS^C sous une presaion de 100 daNyctn' pour obtenir une 

15 plaque mesurant 2 x 20 x 70 mm et en determinant la resis- 
tance electrique de cette plaque avec un mul-timetre numfi- 
rique (TK-'fiSSS * marque d^pos^e - fabriqu^ par Takeda Riken 
Co. , Ltd.) . 

(3) L'indice d ' ^ coulement k I'dtat fondu est mesur^ 
20 k une temperature de 190°C sous une charge de 5 kg selon 

la norme JIS K-7210. 

Avec le noir de carbone pr^par^ selon la pr^sente 
invention r la resistance Electrique de celui-ci peut @tre 
consldSrablement amdlioree 3ans produire de changement im- 

25 portant dans la coulabilit6 representee par l'indice d'^cou- 
lement a I'etat fondu comme le montre le tableau 6- Le ta- 
bleau 7 donne la quantity des Schantillons de noir de ear- 
bone des experiences N"* ^, 3 et 4, qui est n^cessaire pour 
obtenir uiie r^sine EVA ayant une resistivity transversale 

30 de 10 ohm -cm, et l'indice d*6coulement h I'dtat fondu de 
cette resine. 
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10 


IS 


II r^sulte des a..Xioration. de l-aptitude du noir 

ae carbone . donnex 1. conductivity, obtenu par P--^^ 
de carisone diminuer considfirable- 

de la presente invention, qu on peui; „v<-»n-Sr 
!,lt ^antit. d. noix d. c.rbo,« n<!»s=al« poor ^tenxr 
dans laqaslle 11 =8t incorpor* -ayant la mtoa i«- 
one resine dans iaquexj.« ^v4.oTi^r 
sistlvit. transversale. Pour cetta raison, on Peut obteni- 

one composxtion de resine ^^,^3. 
et par consequent une bonne aptitude 

Example ,9 i i- example 8 sauf qu'on uti- 

on repete le proced6 de I ej.empie 1 

carbone du "Ketchen EC" (fabrique par 
lise comme noir de carbone qu ^^^n^fta et du 

■Vulcan X=-7^" .fabric, p.^ Ca.o. C L^, 

r-nrhone de fcur conducteur special) . Le noir 

carbone de r ^^^^ ^^^^ ^^^^^^^ 

ainsi obtenu est malaxe avec j. i-mdice 
J la r^aistivita transversale et 1 maxce 
dchantillons, dont la r6Slsri 1 tableau 3. 

d'ecouleruent I'itat fondu .ont indxqu^s dans le 
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Coime le montre le tableau 8, le sous-rproduit noir 
de carbons et le noir de four trait^s selon la pr^sente in- 
vention iBcntrent une aptitude h donner la conductivite am4- 
lioree sans produire de diminution iinpoxtante.de la coula- 
5 bilit^, 

Exeiaple 10 : 

on repete le proced^ de I'exemple 8 sauf que le 
noir d' acetylene utilise dans 1' example 8 est utilise com- 
me noir de carbone, et que la substance source de carbone 

10 utilis^e est constitute par du polystyrene (QP-2B - marque- 
deposie - fabriqu^ par Denki KagaJci Kogyo Co., Ltd,)» de 
I'alcool polyvinylique <K''24E - marque d<Spos^e - fabriqu^ 
par Denki Kagalcu Kogyo Co ^ , Ltd . ) 0 du polyacrylonitr ile 
(pr^par6 ^ partir de 1 'aery ionitr ile (r6actif) par polym6- 

15 risation en suspension aqueuse) une Emulsion de chlorure de 
polyvinyle ("Zeon 3 51" - marque depos^e de Nippon Zecn Co., 
Ltd) et une emulsion d'aspbalte (PK-4 - marque d^posee de 
Tea Doro Koqyo Co., Ltd). Le noir d'ac4tyl&ne est m61ang6 
avec 1' Emulsion de chlorure de polyvinyle et 1' Emulsion 

20 d'asphalte en diluant 1' Emulsion avec de l*eau en une quan- 
tity telle que cette Emulsion a la tieneur en eau n^c^ssaire 
pour la granulation, puis on ajoute 1' Emulsion ainsi dilute 
au noir d' acetylene, et on granule le tout directement. La 
quantity d' Emulsion ajoutSe au noir d'ac^tyl^ne est ddter- 

25 minee en se basant sur la teneur en produit solide dans 
1* emulsion. Le traitement thermique est effectu^ dans les 
conditions specif lees dans le tableau 9. Selon I'exemple 8, 
3 0 parties du noir de carbone ainsi obtenu sont malaxSs 
avec 100 parties de rSsine EVA. Le tableau 9 donne la x6- 

3 0 sistivitS transversale et I'indice d'4coulement 6 I'etat 
fondu des 4chantillons ainsi pr Spares « 
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Exemple 11 : 

le noir de carbone design^ dans les essais 1 et 
3* dans 1' exemple 8 est ntalaxe avec une r^sine de polypro- 
pylene (BJHHJ-iT\arc[ue deposes - fabrique par Mitsui Toatsu 
5 Kagaku Co. , Ltd) pour obtenir das ^chantillons dont la re- 
sistivity transversaie , I'indice d * ecoulement k l*§tat fon- 
du et la resistance au choc Izod sont mesur4s* 

(1) Les ^chantillons sorit prepares, en pla^ant les 
laatieres de depart dans un malaxeur Banbury ayant une capa- 

10 cit^ de 5 1 et un taux de reiQplissage de 80 % , puis en ma^ 
laxant a 50 tours/ttiinute pendant 1 minute, puis h 70 tours/ • 
minute pendant 4 minutes. La temperature est de 200 a 250**C* 
ties ^chantillons malaxes sont passes k travers un cylindre 
jnaintenus & 164'C transform^s en des feuilles ayant 5 k 

15 7 mm d*6paisseur qui sont 2i leur tour d6coup6eS/ broydes 
et granulfies- 

(2) li*€chantillon pour la mesure de la r^slstivitd 
transversale est pr£par£ en moulaht les granules avec une 
presse k mouler par injection Cpresse k mouler par injec- 

20 tion du type V-15-*7S fabriqude par Nippon Seikosho Co., 

Ldt) en plauqes mesurant 2 x 120 x 120 xm^ et en les d^cou-- 
pant en blocs mesurant 2x 20 x 70mra*lia mesure est effec- 
tuee selon I'exen^le 6* 

Les. ^chantillons potir la mesure de la resistance 

25 au choc Izod sont prSpar^s en moulant les granules avec une 
presse k mouler par injection, en d^coupant et en faisant 
une entaille en V dans les produits alnsl moulds et en tral* 
tant les produits entaillds sous la forme normalis^e et aux 
dimensions mentionn4es dans la norme JIS K-7110* La presse 

3 0 k mouler par injection est maintenue ^ 1 80-23 0°C en ce qui 
concerne sa partie vis et & 80 en ce qui concerne sa par- 
tie moule* La mesure est effectu^e selon la norme JIS K- 
7110. 
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la marque d^pos^e de "Treka T-008A-OQ3" par Horay Co., Ltd, 
A base de poix : fibres couples grapbit^es de 3 inm de long, 
vendues sous la marque deposde de "Treka C-2CBS" par Kureha 
Kagaku Kogyo Co., Ltd. 
5 Rote 2 : 

La marque X indique que le malaxage est impossible. 

Note 3 : 

Ii'indice d ' ecoulement a l*Stat fondu et la resisti- 
vity transversale sont mesurSes selon les procedes suivants ; 

10 (1) indice d'Scoulement d I'fitat fondu : itiesurS k 

une temperature de 200 "C sous une charge de 5 kg selon la 
nornie JIS K~7210. 

(2) Resistance transversale : on presse une feuille 
i 180°C sous une pression de TOO daN/cm^ pour avoir une pla* 

15 que mesurant 2 x 20 x 70 mm qui est ensuite soumise ^ la 

laesure avec un multimfetre numdrique ("TR 6856" ^ marque d^- 
posSe - fabriqu^ par Takeda Rlken Co., Ltd.). 
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Exemples 17 a 1 9 et exemples comparatifs 16 a 18 : 

on prepare des compositions ^lectriquement conduc- 
trices en malaxant'le cajrbone craqud utilise dans les exem- 
ples 12 ^ 16 avec les constituants mentionn^s dans le ta- 
5 bleau 12, dans les proportions qui y sont sp^cifie^s. 

Dans les exemples 17 et 18 ain$i que dans les exem- 
ples comparatifs 16 i 17, le malaxage est effectud & la 
temperature normals avec un malaseur Banbury, et des feuil- 
les sont formees avec un cylindre. Les feuilles sont soumi- 

10 ses cL la vulcanisation sous presse k ISO^'C pendant 2S minu- 
tes pour avoir une dpaisseur de 1,5 mm. Dans 1* example 17 et 
1' exemple comparatif 18, le malaxage est efxectue k une 
temperature de 12CC avec un malaxeur Banbury et la vulca- . 
nisation sous presse est effectuSe a 180*'C, les autres fac* 

15 teurs 6tant 6gaux* Les proprietes physiques des plaques de 
2 mm d'^paisseur obtenues sont indiquees dans le tableau 12* 


p. 


- 3S - 
Tableau 12 




Exenple 

ExGitple 
comparatif 



17 

18 


5 

6 

7 


Caoutchouc de chlorqprene 

100 



100 




Styrene-butadi?.Tie 


100 



100 


& 

Copolymfere ^thyl^na/acstate de 
vinyle 



100 



100 

(U 

Acide steariqiie 


1 


1 

1 


: (pari 

Agent pour resistance au 
vieillisseiDent A 

1 

• 


1 



1 

i^ent pour resistance au 
viej-iiisseiiisirc o 


1 



1 


0) 

2 

Soufre 


1.75 



lr75 


•H 

1 

MgO 

4 



4 



H 

ZnO 

5 

3 


5 

3 



^' 
g 

Prototeur de vulcanisation 




30 

30 

30 

1 

Ifeir d' acetylene 









Garbed crague par voie thexmlque 








Fibres de carbone (Treka-008A.-0O3 ) 

q 
D 

c 
D 






xiesistu.v3.t:e txaix5V<ersalje (&2-dti; 

C 



■±UD 





65 

68 


70 

58 



Resistance a la traetion (daN/an* ) 

205 

240 

115 

209 

246 

122 


iUJLongeitient ft ) 

505 

680 

510 

470 

650 

480 

Duret4 

65 

60 


70 

62 


1 

Allongement petinanent par 
ocnpression & ) 

27 

64 


27 

64 


^SDdule d'^lasticitd ft) 

42 

50 


42 

51 
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Wote 1 s 

( 1 ) Caoutchouc de cbloroprSne ; 
"DenkaChloropr^ne Rubber. M-40" - marque d6pos«Se - fabriqu^ 
par Denki Kagaku Kogyo Co., Ltd, 

5 (2) Caoutchouc de styr^ne-butadifene j 

"Nipporu ;J502" - marque d^pos6e - fabriqu^ par Nippon Zeon 
Co., Ltd- 

(3 ) Copolym^re dthyl^ne-ac^tate de vinyle : 
"NUC-314S" - marque depos^e - £abriqu6 par Nippon Nika Co.^ 

10 Ltd- 

(4) Agent pour resistance au vieillissement A : 
"Nokurakku 224" - marque deposee - fabriqu6 par Ouchi Shin- 
ko Co . , Ltd ; 

(5) Agent pour resistance au vieillissement B : 

15 "Nokusera-Oz" - marque d^posde - fabrique par Ouchi Shinko 
Co. , Ltd. 

(6) Promoteur de vulcanisation : 

"Sansera-22" (ingredient principal 2-mercapto-imida-zoline) 
-marcjue d^pos^e - fabriqu6 par Sanshin Kagaku, Ltd. 
20 (7) Fibres de carbone z "Treka T-OO8A--0CS " - marque 

ddpos^e - fabriqu6 par Toray Co., Ltd. 
Note 2 : 

Les propri4t£s physiques des compositions sont d£- 
terminSes par les proc^d^s suivants : 
25 (1) Rdsistivitd transversale s 

mesurde & 200 ^C sous une charge de 5 kg selon la norme JXS 
K-7210, 

(2) Viscosity Mooney : 
mesur4e selon la norme JIS K-63 00 . 

3 0 (3 ) La resistance k la traction, 1 'allongement » la 

duret4, 1 ' allongement permanent par compression et le module 
d' elasticity sont mesur^s selon la norme JIS K-63 01. 


FEB-17-1998 17:0-. 

P. 42/46 

2537984 


• 40 - 

gEVENDICMIONS 

1.- Noir de tarbone ayant une excellente conducti- 
vite electrique qui -est obtenu par traitement theicmique 
d*un laelange de noir de carbone avec un polymere et/o-u une 
5 substance bitumineuse pouvant etre essentiellement trans- 
formes en caxbpne a ane temperature qui n'e$t pas inf^rieu- 
te k 1Q00°C, et ayant un pH qui n'est pas inferieur a 9, 
une surface specif ique de 40 h 70 m^/g et une adsorption 
d'iode de 50 h 80 zng/g. 

10 2.- Noir de oarbone ayant une Qxcellente conductivi- 

te Electrique qui est obtenu par traitement thermique d'un 
melange de noir de carbone avec uil polymere et/ou une subs- 
tance bitumineuse pouvant §tre essentiellement transformes 
en carbone a une temperature qui n'est pas inf^rieure a 

15 1000*'c, et ayant un pH qui n'est pas inferieur a 9, une sur-- 
face specif ique de 40 a 70 in*7g et une adsorption d'iode de 
50 k 80 rag/g et montrant une image de diffraction des rayons 
X donn^e. 

3 Composition electriquement conductrice dans la- 

20 quelle pour 100 parties en poids de r6sine synthetigue et/ou 
d'une matiere du type caoutchouc sont ajout^es 5 ^ 100 par- 
ties en poids du noir de carbone obtenu par traitement ther- 
mique d'un melange de noir de carbone avec un polymere et/ou 
une substance bitumineu^e pouvant essentiellement @tre 

25 transformes en carbone k une temperature qui n'est pas in- 
f^rieare a lOOO^C, ledit noir de carbone montrant un pH 
qui n'est pas inferieur S 9, une surface specif ique de 40 
k 70 /g et une adsorption d*iode de 50 a 80 mg/g- 

4.- Composition Electriquement conductrice compre- 

3 0 nant S It 100 parties en poids du noir de carbone selon la 
revendication 1 , et 1 ^ TOO parties en poids de fibres de 
carbone pour 100 parties en poids d'un polym&re. 

5p- Precede pour la preparation d'un noir de car- 
bone electriquement conducteur, caract6ris5 par le fait 

3 5 qu'il consiste a granular an noir de carbone de depart et 
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une substance source de' carbohe;?^ mdlanger les prodults 
ainsi granules ^ et .a tra iter' par voie thermique le in6lan- 
ge alnsi obtenu & une temperature de looo ^ 2000 ''C dans 
une atmosph&re non-oxydante . 
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FIG,.2-r. IMACE DE DIFFRACriON DES RAYONS X 
* pU NOIR O'ACETYLENg 



FIG.2-2 IMAGE DE DIFFRACTION DE5 RAYONS X 
OU VULCAN XC -72 

".*-**. 
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FIG.2-3 (MAGE DE DIFRACriON DES RAYONS X 
DUKETCHEN EC 



FIG. 2-4 IMAGE Oe DIFFRACTION DES RAYONS X 
OU NOIR DE CARBONE OBTENU RftR 
U PRE5ENTE INVENTION 



TOTAL P. 46 


I 


French Patent No, 2,537,984 Al 


Translated from French by the Ralph McElroy Co., Custom Division 
P.O. Box 4828, Austin, Texas 78765 USA 


Code: 397-61043 


FRENCH REPUBLIC 
FRENCH PATENT NO. 2,537,984 


Int. Cl.^: 


Application No.: 

Application Date: 

Date of Public Access to 
Application: 


Priority: 
Date: 
Country: 
No. : 


C 09 C 1/48 
H 01 B 1/04 

83 17518 

November 3, 1983 


BOPI "Brevets" No. 25, 
June 22, 1984 


December 16, 1982 

Japan 
57-220745 


ELECTRICALLY CONDUCTIVE CARBON BLACK AND ELECTRICALLY CONDUCTIVE 
COMPOSITION CONTAINING THIS BLACK, AND PROCESS FOR 
PREPARATION OF THIS BLACK 


Inventors : 


Applicant: 


Junichi Nakazono, 
Tatsuro lida, 
Akio Nishijima, 
Japan 

Company known as: 
Denki Kagaku Kogyo 
Kabushiki Kaisha, Japan 


Representative : 


D.A. Casalonga, 
Josse et Petit 


. This carbon black, having an excellent conductivity is 
obtained by thermal treatment of a mixture of carbon black with a 
polymer and/or a bituminous substance which can be essentially 
transformed into carbon at a temperature not lower than lOOO^C, 
and which has a pH not less than 9, a specific surface area of 
40-70 ic?/q, and an iodine adsorption of 50-80 mg/g. 

Application of this black for making polymers electrically 
conductive. 

The present invention relates to a carbon black suitable for 
communicating electrical conductivity to synthetic resins and/or 
materials of the rubber type (subsequently designated by extremely 
conductive carbon black) . The present invention also relates to an 
electrically conductive composition in which this carbon black is 
incorporated in synthetic resins and/or materials of the rubber 
type . 

In order to give electrical conductivity to synthetic resins 
and/or materials of the rubber type, a known method in the 
technique is to add carbon black to them, for example, acetylene 
black, furnace black, carbon black (subsequently designated by 
carbon black by-product) formed as by-product in the manufacturing 
of synthesis gas, etc. With regard to the physical properties of 
the carbon black products available commercially, see Table !• 


Table I* 



Q) Nolr d'ac^thylfene 
Marque ddpios^e *. Denka 

Black 

fabclqu^ par Oenki Kagaka 

{^Nolr de four special 
. marque ddpos^e : XC-72 

f abriqu6 par Cabot Co . , 
Ltd.^ U.S.A. 

^)sous-produit noir 
marque ddposde :Ketch6n EC 
fabriqu^ par Nippon EC 
Co ► , Ltd . 

pH 

7.5 

7,4 


(S) ■ 

Surface 
spfictf 
que (nf /glP 

75 

225 

900 

Adsorption 
cl*lode. 

* 

. 103 

315 

602 


* 

[Editor's note: In the tables, commas in numbers represent decimal points.] 


Key: 1 


Acetylene black 

Registered trademark: Denka Black 
manufactured by Denki Kagaku 
Special furnace black 
Registered trademark: XC-72 
manufactured . by Cabot Co., Ltd,, USA 
Black by-product 

registered trademark: Ketchen EC 
manufactured by Nippon EC Co., Ltd. 
Specific surface area (m^/g) 
Iodine adsorption 


2 


3 


4 
5 


Moreover, the published Japanese Patent No. 54-7516 (1979) 
describes a process and an apparatus for the preparation of carbon 
black, in which aliphatic and aromatic unsaturated hydrocarbons 
are preheated to a temperature much higher than their critical 
temperature and are partially burned at approximately 1700°C, thus 
obtaining a carbon black which is comparable with acetylene black 
with regard to electrical conductivity. 

The published Japanese Patent No. 57-162752 reveals an 
electrically conductive composition obtained by adding metallic 
salts which are soluble in any of the solvents based on amide, the 
derivatives of pyrrolidone and in water to an intermediate solvent 
of polymer materials which is resistant to heat, having a 
heterocycle containing at least oxygen or nitrogen, and by 
treating the resulting solution with heat at 120-330'^C in air or 
in a gaseous atmosphere, and then at 700-1000°C under vacuum or in 
an inert gas atmosphere. 

Because of its extensive specific surface area and its high 
iodine adsorption, this carbon black gives a composition with good 
conductivity when it is added to synthetic resins and/or materials 
of the rubber type. 


However, it was discovered that the ability of the carbon 
black to give a resin, rubber, etc., conductivity varied greatly. 
Certain carbon blacks are excellent with regard to this ability, 
whereas others are poor. By using carbon black with an ability to 
confer greater conductivity, it is possible to obtain, with 
smaller quantities, resin or rubber compositions with the desired 
conductivity. Consequently, the need to have a conductive carbon 
black with an ability to confer greater conductivity is desired. 

Although the addition of carbon black contributes towards 
improving the conductivity of a resin or a rubber, it can have an 
unfavorable influence on other properties of these products: for 
example, a reduction in the pouring ability or of the mechanical 
properties can occur. In addition to the ability to confer 
conductivity, other properties can be greatly desired. 

The main object of the present invention is to supply a 
carbon black which practically does not have the disadvantages of 
prior art, and which can be used in smaller quantities to give 
equivalent conductivity to a resin, a rubber, etc., without 
causing a reduction of their other properties, in order thus to 
obtain electrically conductive compositions with improved physical 
properties. 

According to one aspect of the present invention, a carbon 
black having excellent electrical conductivity is provided, which 
is obtained by thermal treatment of carbon black with a mixture of 
carbon black with a polymer and/or a bituminous substance which 
can be essentially transformed into carbon at a temperature not 
lower than 1000°C, said carbon black being characterized by the 
fact that it has a pH not less than 9, a specific surface area of 
40-70 m^/g, and an iodine adsorption of 50-80 mg/g. 


According to another aspect, the present invention provides 
an electrically conductive composition in which, to 100 parts by 
weight of synthetic resin and/or of a material of the rubber type, 
5--100 parts by weight of carbon black are added, obtained by 
thermal treatment of a mixture of carbon black with a polymer 
and/or a bituminous substance which can be essentially transformed 
into carbon at a temperature not lower than lOOO^C, said carbon 
black having a pH not less than 9, a specific surface area of 
40-70 m^/g, and an iodine adsorption of 50-80 mg/g. 

According to yet another aspect, the present invention 
provides a process for the preparation of the electrically 
conductive carbon black, which consists of adding to the carbon 
black an organic substance with a high molecular weight and/or a 
bituminous substance having carbon atoms bound in the molecules, 
then of thermally treating the product obtained at a temperature 
not lower than 1000°C- 

The objects mentioned above and other objects and 
characteristics of the present invention will appear progressively 
with the detailed description in reference to the appended 
drawings in which: 

- Figure 1 is a graph showing the relationship between the 
melt-flow index and the volume resistivity of the carbon black of 
the present invention and of the products available in commerce; 

- Figures 2-1 to 2-3 inclusive are photographs showing the 
X-ray diffraction images of commercially available products 
(acetylene black, "Vulcan XC-72" and "Ketchen EC" (registered 
trademarks) ) ; and 

- Figure 2-4 is a photograph showing the X-ray diffraction 
pattern of the carbon black of the present invention* 


The electrically conductive carbon black of the present 
invention is obtained by thermal cracking of a mixture of carbon 
black with the specific polymer and/or the bituminous substance at 
a temperature not lower than 1000°C. Therefore, a mixture of 
starting carbon black with the polymer or the bituminous substance 
which can be essentially transformed into carbon at a temperature 
of 1000°C (subsequently designated by "carbon source substance") 
is treated thermally at high temperatures. 

The carbon source substances used in the present invention 
can include vinyl chloride resins, acrylonitrile resins, styrene 
resins, polyethylene resins, polyvinyl acetate resins, 
ethylene/vinyl acetate copolymer resins, latexes of copolymers 
based on styrene and butadiene, natural rubber, tar, pitch, 
asphalt and similar products. 

Any available type of carbon black can be used as starting 
carbon black, but preference is given to the above-mentioned 
acetylene black and to the carbon black by-product, each having a 
certain ability to confer conductivity- The proportion of carbon 
source substance with respect to the starting carbon black can be 
such that the conductive carbon black contains 1-30 wt% carbon 
formed by thermal cracking the carbon source substance after the 
thermal treatment. This is because insufficient conductivity is 
obtained with quantities less than 1 wt%, whereas coarser 
particles form with quantities exceeding 30 wt%. 

As mentioned above, the electrical conductivity of the 
starting carbon black is improved by the thermal treatment of a 
mixture of starting carbon black with the carbon source substance 
at a temperature sufficient for carbonization of the carbon source 
substance to occur. The temperature applied for this purpose must 
preferably be between 1000-2000°C, but the limit temperature of 
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2000*^0 is not critical. At a temperature less than 1000°C, the 
ability to confer conductivity is insufficiently improved. In 
particular, when the starting carbon black used is a by-product 
carbon tending to be transformed easily into graphite, a 
temperature of lOOO-lSOCC is preferably applied, because at a 
temperature greater than 1600*'C, graphitization takes place easily 
so that a loss of the ability to confer conductivity occurs. 

In order to produce a sufficient dispersion of the carbon 
source substance in the carbon black, it is possible to granulate 
it beforehand with a suitable granulator using water or a solvent 
as medium, and mixing the whole for later thermal treatment. 

The atmosphere in which the thermal treatment is conducted is 
not critical, but preference is given to a nonoxidizing 
atmosphere, such as nitrogen, hydrogen, argon, helium, etc. 

A preferred process for the preparation of electrically 
conductive carbon black includes the granulation of the starting 
carbon black and of the carbon source substance, the mixing of the 
product thus granulated and the thermal treatment of the mixture 
thus obtained at a temperature of 1000-2000**C, preferably 
lOOO-ieoCC in a nonoxidizing atmosphere. 

The conductive carbon black obtained according to the present 
invention has a minimum pH value of 9, a specific surface area of 
40-70 m^/g, and an iodine adsorption of 50-80 mg/g. When the pH, 
the specific surface area and the iodine adsorption are 
respectively lower than 9, 40 m^/g and 50 mg/g, the carbon black 
has a low ability to confer conductivity. When the specific 
surface area and the iodine adsorption respectively exceed 70 m^/g 
and 80 mg^/g, furthermore, the carbon black is excellent with 
regard to its ability to confer conductivity, but results in an 
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insufficient pouring ability when it is added to a synthetic resin 
and/or material of the rubber type. 

In the present invention, it is important, in order to 
produce more satisfactory effects, for the carbon source substance 
to be carbonized in gaseous phase when it is subjected to the 
process of thermal cracking. 

It is also preferable to prevent the carbon source substance 
from being disseminated and from being lost in this way by 
bringing it rapidly to the temperature at which the thermal 
treatment must be performed. 

The present invention also provides an electrically 
conductive composition in which the extremely conductive carbon 
black is incorporated in the synthetic resin and/or material of 
the rubber type. Concrete examples of the synthetic resin and/or 
material of the rubber type (subsequently designated by base 
polymer) are (1) the thermoplastic resins such as resin of 
polyethylene, copolymer of ethylene/ vinyl acetate, polypropylene, 
styrene, vinyl chloride, vinyl acetate, methacrylic resin, resin 
of acrylonitrile-butadiene-styrene copolymer, polyphenylene oxide 
(PPO resin) , modified PPO, polycarbonate, polyacetal and polyamide 
resin; (2) heat hardening resin such as resin of phenol, of 
melamine, of urea, of alkide, of epoxy and of unsaturated 
polyesters, and (3) materials of the rubber type such as natural 
rubber as well as rubber of chloroprene, styrene-butadiene 
copolymer, butadiene-acrylonitrile copolymer, copolymer based on 
ethylene and propylene, block styrene-butadiene copolymer, 
urethane and silicone. In the present invention, 5-100 parts by 
weight of extremely conductive carbon black are added to 100 parts 
by weight of the base polymer. When the quantity of extremely 
conductive carbon black is less than 5 parts by weight, it is 
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impossible to increase the conductivity of the composition 
sufficiently. Furthermore, the pouring ability of the composition 
becomes poor when the carbon black is added in a proportion of 
more than 100 parts by weight. 

In order to prepare the composition of the present invention, 
in addition to the base polymer and the extremely conductive 
carbon black, one uses various known additives such as 
plasticizers, auxiliary materials conferring conductivity such as 
flakes of aluminum, bronze fibers, stainless steel fibers and 
carbon fibers, loads, reinforcing agents, antioxidants, heat 
stabilizers, lubricants, flame retardants, crosslinking agents, 
crosslinking auxiliaries and anti-UV products, if necessary. These 
materials can be mixed together by means of an appropriate 
apparatus such as a granulator-type mixer, V-blender, "Henschel" 
mixer or "Banbury" kneader, or a device for kneading or 
kneading/mixing of the continuous type with a rotor mounted 
inside. The composition of the present invention can be used as is 
or after having been transformed into a gel by melting, followed 
by granulation, using treatment machines such as a direct 
extruder, injection molding press, compression molding press, 
roller molding machine, rotation molding machine or similar 
machines . 

When the carbon black obtained in this way is added to an 
ethylene/vinyl acetate copolymer containing 15% vinyl acetate, 
which has a melt-flow index of 35 g/10 min (measured at 200*^0 
under a load of 5 kg according to the standard JIS K 7210) , a high 
electrical conductivity in terms of volume resistivity of 
1.7-10 Q-cm is obtained in the range of melt-flow index of 
1.1-10 g/10 min. 
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In general, the addition of the electrically conductive 
carbon black in greater quantities leads to the production of a 
high electrical conductivity but unfavorably influences the 
pouring ability and makes working of it unfeasible. On the' 
contrary, the carbon black according to the present invention 
gives rise to a high electrical conductivity in a range of 
melt-flow index between 0.1-10 g/10 min, a range in which 
processing is easy. This high electrical conductivity is not at 
all obtained with the conventional conductive carbon black. For 
example, even with the black "Ketchen EC" (registered trademark of 
the Nippon EC Co., Ltd.), which confers the highest conductivity 
out of the other carbon blacks in the range of melt-flow index 
0-1-10 g/10 min, the volume resistivity obtained is on the order 
of 4-50 Q-cm, which is much higher than that obtained with the 
carbon black according to the present invention (see Figure 1) . 

The applicant has discovered that the carbon black according 
to the present invention can provide a composition with high 
electrical conductivity without leading to a reduction of the 
ability to be processed. 

The present invention also provides a composition containing 
5-100 parts by weight of the carbon black with high electrical 
conductivity and 1-100 parts by weight of carbon fibers per 
100 parts by weight of base polymer, said composition having a 
high electrical conductivity which, in terms of volume 
resistivity, is 10"^ Q-cm. 

The carbon black with high electrical conductivity obtained 
according to the present invention is added to 100 parts by weight 
of the base polymer in a proportion of 5-100 parts by weight and 
preferably 15-100 parts by weight. In a quantity less than 5 parts 
by weight, the resulting composition has a low conductivity. 
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whereas with a quantity exceeding 100 parts by weight, it is not 
possible to do a homogeneous kneading so that the ability to be 
processed decreases although certain improvements in conductivity 
are made. 

According to the present invention, it is sufficient to use 
carbon fibers available commercially. For example, on the market, 
one finds carbon fibers obtained by forming a fibrous material 
from polyacrylonitrile (PAN) or from pitch and making the material 
unmeltable, then calcining it or developing a gaseous phase of 
thermally cracked hydrocarbon gases. These fibers can be used 
alone or in combination. 

The carbon fibers are added to 100 parts by weight of the 
base polymer in a proportion of 1 to 100 parts by weight and 
preferably 5-4 0 parts by weight. With a quantity less than 1 part 
by weight, difficulties arise for improving the mechanical 
resistance of the resulting composition, whereas with quantities 
exceeding 100 parts by weight, there is a reduction of the pouring 
ability. 

The microstructure of the carbon black obtained by the 
process mentioned above can be analyzed by X-ray diffraction. When 
the X-ray beam falls on the carbon black, the interlaminar length 
and average height of overlapping in the direction of the axis are 
expressed by analysis of the (002) reflection, and the average 
planar diameter in the direction of the axis ab is obtained by the 
analysis of the (100) and (110) bands. The X-ray diffraction image 
obtained gives a clear image of the internal structure of the 
carbon black. 

The X-ray diffraction images of the conventional conductive 
carbon blacks "Vulcan C-72" and "Ketchen EC" are shown in 
photographs 2, 3 given in the Figures 2-1 to 2-3. As can be seen 


according to these photographs, the diffraction rings are dark, 
which means that the growth of the crystals is insufficient. 

The X-ray diffraction image of acetylene black is shown in 
photograph 1 according to which it is possible to see that' the 
diffraction ring is light, which means that the growth of the 
crystals is sufficient. 

Photograph 4 in Figure 2-4 shows the X-ray diffraction image 
of the carbon black of the present invention which has an 
excellent electrical conductivity, said image according to which 
it is seen that the diffraction ring is light, which means that 
the crystals developed sufficiently. 

It is expected for the composition of the present invention 
to be used for antistatic sheets, grounding belts for eliminating 
static electricity, communications antennas, structures for making 
a screen for electromagnetic waves, coaxial cables, films, flat 
heat generators, magnetic recording media, electrically conductive 
foundations, vicieo tapes, electrically conductive paints and 
coating compositions. 

The present invention is illustrated by the descriptive and 
nonlimiting examples hereafter. 

Example 1 and Comparative Examples 1-3 

Preparation of the carbon black 

30 parts by weight of vinyl chloride resin ("Denka Vinyl 
SS-llOS trademark, made by Denki Kagaku Kogyo Co., Ltd.), 100 
parts by weight of acetylene black ("Acetylene Black Powder", 
registered trademark, manufactured by Denki Kagaku Kogyo Co., Ltd) 
and 180 parts by weight of water are granulated with a 
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mixer/granulator and then dried. The dry mixture is sent in a 
furnace which is maintained at a temperature of 1300*^C and filled 
with nitrogen, and it is calcined for 1 h in order to obtain 109 
parts by weight of carbon black. The physical properties of the 
carbon black are indicated in Table II. 

Preparation of the electrically conductive composition 

30 parts by weight of the extremely conductive carbon black 
obtained by the preceding process, and 100 parts by weight of the 
ethylene/vinyl acetate copolymer resin "NUC-3145," registered 
trademark, manufactured by Nippon Yuika Co., Ltd., are loaded into 
a Laboplastograph R-60, registered trademark, manufactured by Toyo 
Seisakusho Co., Ltd., which has a capacity of 60 mL, and are 
kneaded and mixed together with a speed of rotation of the blades 
of 60 rpm, at a temperature of 120°C for 19 min. 

In the comparative examples, the process of Example 1 is 
repeated, except that one uses the commercial carbon black 
products mentioned in Table I instead of the carbon black of the 
present invention. 

The physical properties of the resulting products are 
indicated in Table II. 

Example 2 

The process of Example 1 is repeated, except that one uses 
30 parts by weight of polyvinyl acetate emulsion ("CH~1000," 
registered trademark, manufactured by Konishi Gisuke Shoten Co., 
Ltd.) instead of the vinyl chloride resin, which gives 
105 parts by weight of carbon black. 
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Using this carbon black, the process of Example 1 is repeated 
in order to prepare an electrically conductive composition. 

The physical properties of the products thus obtained are 
indicated in Table II. 
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Table II 
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Key: 1 


2 
3 
4 
5 
"6 
7 
8 
9 


Example 

Comparative example 

Physical properties of the carbon black 
Physical properties of the composition 
Specific surface area (ni^/g) _ _ 
iodine adsorption (mg/g) 
Volume resistivity ( -cm) 
Melt-flow index (g/lO min) 
No flow 


Example 3 - PAN emulsion 

The process of Example 1 is repeated, except that instead of 
the vinyl chloride resin, one uses 25 parts by weight, calculated 
in terms of solids, of a polyacrylonitrile emulsion (PAN) (having 
a solids content of 50% and prepared by emulsion polymerization of 
acrylonitrile) . As result, one obtains 106.8 parts by weight of 
carbon black from which one prepares an electrically conductive 
composition in the manner described in Example 1. 

Example 4 - asphalt emulsion 

The process of Example 1 is repeated, except that instead of 
the vinyl chloride resin, one uses 25 parts by weight, calculated 
in terms of solids, of an asphalt emulsion (having a solids 
content of 47% and sold under the registered trademark "PK-4" by 
Toa Doro Co., Ltd.), giving 105.2 parts by weight of carbon black. 
From this carbon black, one prepares an electrically conductive 
composition in the same manner as described in Example 1. 

The physical properties of the carbon black and of the 
compositions obtained in Examples 3 and 4 are the following: 
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o g ©Exemple 3 ©Example 4 

P« ^5) It*'! 7,6 . 


(/I o 
+1 ^ u 
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@ 
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Key: 1 Example 3 

2 Example 4 

3 Physical properties of the carbon black 

4 Physical properties of the composition 

5 Specific surface area (m^/g) 

6 Iodine adsorption (mg/g) 

7 Volume resistivity (Q-cm) 

8 Melt-flow index (g/10 min) 


Example 5 and Comparative Examples 4-6 


The process of Example 1 is repeated, except that one uses 
100 parts by weight of polypropylene resin ("BJHH-B," registered 
trade mark, of Mitsui Toatsu Co., Ltd.) instead of the 
ethylene/vinyl acetate copolymer resin. 


In the comparative examples, the process of Example 1 is 
repeated, except that one uses the commercial carbon black 
mentioned in Table I in the proportions specified in Table III. 

The physical properties of the products which are obt'ained 
are indicated in Table III. 
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1 
1 

CiXauipie o 

z 

Comparative example 

J 

Proportions ot caroon oiacK (parts oy weignrj 

4 

Physical properties of the compositions 

c 
O 

Volume resistivity (Q'cm) 

6 

Melt-flow index (g/lO min) 

7 

Rockwell hardness 

8 

Izod impact strength (daN* cm/cm) 

9 

Vicat softening point (°C) 

10 

Breaking resistance (daN/ram^) 

11 

Elongation (%) 


E^cample 6 and Comparative Examples 7-9 


The carbon black obtained in Example 1 is kneaded with a 
resin based on styrene in the proportions specified in Table IV, 
with 0.5 part by weight of 2 , 6-dibutyl-4-methylphenol (BHT) and 
0,5 part by weight of tri (nonylphenyl) phosphite (TNP) , both used 
as antioxidant, and 1 part by weight of zinc stearate used as 
lubricant. The physical properties of the compositions obtained 
are indicated in Table IV. 

In Table IV the styrene resins A and B, both manufactured by 
Denki Kagaku Kogyo Co., Ltd., pour extremely well, the styrene 
resin resistant to impact ("HIS-3," registered trademark) and a 
block polymer of styrene/butadiene {STR-1602 registered trademark) 
are mentioned respectively. 

For comparison, the carbon black indicated in Table I is 
kneaded in the same way and in the proportions mentioned in 
Table IV. 


I 
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Table IV 
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1 

Example 4 

2 

Comparative example 

3 

Carbon black of the invention 

4 

Carbon black 

5 

Composition (parts by weight) 

6 

Physical properties of the compositions 

7 

Resin based on styrene 

8 

Carbon black 

9 

Volume resistivity (Q'cm) 

10 

Melt-flow index (g/10 min) 

11 

Rockwell hardness (R scale) 

12 

Izod impact strength (daN- cm/cm) 

13 

Breaking resistance (daN/mm^) 

13 

Elongation (%) 


Example 7 and Comparative Examples 10 and 11 


The carbon black obtained in Example 1 is added to 
chloroprene rubber and kneaded with it in the proportions 
mentioned in Table V. The physical properties of the compositions 
thus obtained are indicated in Table V. For comparison, "Denka 
Black" and "Ketchen EC" shown in Table I are added and kneaded in 
the proportions specified in Table V. 


Table V 
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15 
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In 

Table V, the following substances are used: 


(1) Chloroprene rubber: "Denka Chloroprene Rubber iyi-40," 
registered trademark, manufactured by Denki Kagaku Kogyo Co., 
Ltd. ; 

(2) Nokusera CZ: "Nokusera CZ," registered trademark, 
manufactured by Ouchi Shinko Co., Ltd. (agent for resistance to 
aging) ; 

(3) Sansera: "Sansera-22", registered trademark, manufactured 
by Sanshin Kagaku Co., Ltd. (promoter of vulcanization). 

The physical properties of the carbon black used in the 
examples of the present invention and the comparative examples and 
those of the compositions using this black are measured in the 
following way: 
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A. Physical properties of the carbon black 

(1) pH: standard JIS K 14 69 

(2) specific surface area: BET method 

(3) iodine adsorption: standard JIS K 6221 

B. Physical properties of the composition 

(1) volume resistivity. 

The granulated products obtained are transformed into a plate 
measuring 2 x 70 x 20 mm using an injection molding press 
(automatic injection molding press of the screw type, type V-15-75 
(V-15-75 model Screw Type Automatic Injection Holder) manufactured 
by Nippon Seikosho. The sample obtained is measured with a digital 
multimeter ("TR 6856," registered trademark, manufactured by 
Takeda Riken Co., Ltd.); 

(2) melt-flow index: standard JIS K 7210; 

(3) Rockwell hardness: standard JIS K 7202; 

(4) Izod impact strength: standard JIS K 7110; 

(5) Vicat softening point: standard JIS K 7206; 

(6) Breaking resistance and elongation: standard JIS K 7113; 

(7) Volume resistivity: Japan Rubber Associety [sic]: 
standard SRIS 2301-1968; 

(8) Mooney viscosity: standard JIS K 6300; 

(9) The tensile strength, elongation, hardness, permanent 
elongation by compression and elastic modulus are all measured 
according to the standard JIS K 6301. 

Preparation and measurement of kneaded carbon black samples 

(1) 100 parts of EVA resin are kneaded with one part of an 
agent for resistance to aging ("Nokuraku 630F, " registered 


27 

trademark, manufactured by Ouchi Shinko Kagaku Co., Ltd.) and 
30 parts of the carbon black, using a test kneader 
("Laboplastograph R-60," registered trademark, manufactured by 
Toyo Seisakusho Co,, Ltd-) at 120°C for 10 min with a speeti of 
rotation of the blades of 60 rpm, in order to obtain a sample in 
this way. 

(2) The volume resistivity of the sample is measured by 
determining the electrical resistance of a 2 mm x 20 mm x 70 mm 
plate with a digital multimeter ("TR 6856," registered trademark, 
manufactured by Takeda Riken Co., Ltd.), said plate being obtained 
by pressing the sample under a pressure of 100 daN/cm^ while 
heating it to 145°C. 

(3) The melt-flow index is measured according to the standard 
JIS K 7210 at a temperature of 190°C under a load of 5 kg. 

As shown by Table VI, with the carbon black prepared 
according to the present invention, its conductivity can be 
improved considerably without causing great changes in the pouring 
ability expressed in terms of melt-flow index. 

In the following examples, the percentages and the parts are 
indicated in terms of weight. 

Example 8 

As carbon black and as carbon source substance, one uses 
respectively acetylene black (50% compressed article, manufactured 
by Denki Kagaku Kogyo Co., Ltd.) and finely divided polyvinyl 
chloride ("Sumilit EX-A, " registered trademark, manufactured by 
Sumitomo Kagaku Kogyo Co., Ltd.). 25 g of polyvinyl chloride are 
mixed with 100 g of acetylene black and granulated wet in a 
"Henschel" (registered trademark) kneader with addition of water. 
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The particles obtained are in the form of 1-5 mm spheres. After 
drying, the particles are loaded in a container which is in turn 
placed in an electric furnace, in which nitrogen is run, where 
they are maintained at 1300°C for 1 h. Then the container is 
removed from the electric furnace and cooled as is to room 
temperature. By this thermal treatment, one obtains 105 g of 
carbon black from the 125 g of starting mixture. 

30 parts of the carbon black thus obtained are kneaded with 
100 parts of ethylene/vinyl acetate copolymer ("NUC-3145," 
registered trademark, EVA resin manufactured by Nippon Yunika Co., 
Ltd.) in order to obtain a sample whose volume resistivity and 
melt-flow index (designated simply by MFR) are indicated in Table 
VI. For comparison, Table VI also shows the measurements done on a 
sample of acetylene black treated at goCC, one which was not 
treated at all, and one treated at 1300°C for 60 min in a similar 
manner without having added a carbon source substance. 
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Table VI 
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The preparation and measurement of the kneaded sample of 
carbon black are done in the following way: 

(1) The sample is prepared by kneading together 100 parts of 
EVA resin, 1 part of agent for resistance to aging ("Nokurakku 
[sic] 630F, " registered trademark, manufactured by Ouchi Shinko 
Kagaku Co,, Ltd.) and 30 parts of carbon black, in test crushing 
apparatus { "Laboplastograph R-60," registered trademark, 
manufactured by Toyo Seisakusho Co., Ltd.) at a temperature of 
120°C for 10 minutes, the speeds of the blades being 60 rpm. 

(2) The volume resistivity of the sample obtained is measured 
by pressing it at a temperature of 145*'C under a pressure of 

100 daN/cm^ in order to obtain a plate measuring 2 x 20 x 70 ram 
plate and determining the electrical resistance of this. plate with 
a digital multimeter (TR-6856, registered trademark, manufactured 
by Takeda Riken Co., Ltd.) . 

(3) The melt-flow index is measured at a temperature of 190°C 
under a load of 5 kg according to the standard JIS K 7210. 


With the carbon black prepared according to the present 
invention, its electrical resistance can be improved considerably 
without causing great change in the pouring ability represented by 
the melt-flow index as shown by Table VI. Table VII gives the 
quantity of the carbon black samples of Experiment Nos . 1, 3 and 
4, which is necessary for obtaining an EVA resin with a volume 
resistivity of 10 Q-cm, and the melt-flow index of this resin. 


Table VII 
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Key: 1 
2 


Experiment No. 

Quantity of carbon black for obtaining a volume 
resistivity of 10 Q-cm 

MFR of the EVA resin having a volume resistivity of 
10 Q'cm (g/lO min) 
Comparative example 
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It results from the improvement of the ability of the carbon 
black to confer conductivity, obtained by the process of the 
present invention, that it is possible to decrease considerably 
the quantity of carbon black necessary for obtaining a resin in 
which it is incorporated having the same volume resistivity. For 
this reason, it is possible to obtain a resin composition with an 
excellent pouring ability and consequently a good ability to be 
worked. 

Example 9 

The process of Example 8 is repeated except that one uses as 
carbon black "Ketchen EC" (manufactured by Nippon EC Co., Ltd.) 
modified carbon by-product and "Vulcan XC-72" (manufactured by 
Cabot Co., Ltd., U.S.) (special conductive furnace carbon black). 
The carbon black thus obtained is kneaded with the EVA resin in 
order to obtain samples, whose volume resistivity and melt-flow 
index are indicated in Table VIII. 
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Key: 1 Experiment No. 

2 Carbon black 

3 Carbon source substance 

4 Quantity (g) added per 100 g of carbon black 

5 Conditions of the thermal treatment 

6 Duration^ min 

7 Residual quantity of carbon source substance (g per 
100 g of carbon black) 

8 EVA resin 

9 Quantity of carbon black in PHR 

10 Volume resistivity 

11 MFR g/10 min 

12 Polyvinyl chloride 

13 Comparative example 


As shown by Table VIII, the carbon black by-product and the 
furnace black treated according to the present invention show an 
improved ability to confer conductivity without producing any 
great reduction of the pouring ability. 

Example 10 

The process of Example 8 is repeated except that the 
acetylene black used in Example 8 is used as carbon black and the 
carbon source substance used consists of polystyrene {QP-2B, 
registered trademark, manufactured by Denki Kagaku Kogyo Co., 
Ltd.), polyvinyl alcohol (K-24E, registered trademark, 
manufactured by Denki Kagaku Kogyo Co., Ltd.), polyacrylonitrile 
(prepared from acrylonitrile (reagent) by polymerization in 
aqueous suspension), a polyvinyl chloride emulsion ("Zeon 351," 
registered trademark of Nippon Zeon Co., Ltd.), and an asphalt 
emulsion (PK-4, registered trademark of Toa Doro Kogyo Co., Ltd.). 


The acetylene black is mixed with the polyvinyl chloride emulsion 
and the asphalt emulsion, diluting the emulsion with water in a 
quantity such that this emulsion has the water content necessary 
for granulation; then, one adds the emulsion thus diluted 'to the 
acetylene black, and the whole is granulated directly. The 
quantity of emulsion added to the acetylene black is determined on 
the basis of the solids content in the emulsion. The thermal 
treatment is carried out under the conditions specified in Table 
IX. According to Example 8, 30 parts of the carbon black thus 
obtained are kneaded with .100 parts of EVA resin. Table IX gives 
the volume resistivity and the melt-flow index of the samples thus 
prepared. 
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Key: 1 Experiment No. 

2 Carbon black 

3 Carbon source substance 

4 Quantity in (g) added per 100 g of carbon black 

5 Conditions of the thermal treatment 

6 Duration^ min 

7 Residual quantity of carbon source substance (g per 
100 g of carbon black) 

8 Crushed mixture of EVA r^sin - 30 PHR 

9 Volume resistivity 

10 Acetylene black 

11 Polystyrene 

12 Polyvinyl alcohol 

13 Polyvinyl chloride emulsion 

14 Asphalt emulsion 


Example 11 

The carbon black designated in tests No. 1 and 3* in Example 
8 is kneaded with a polypropylene resin (BJHHJ, registered 
trademark^ manufactured by Mitsui Toatsu Kagaku Co., Ltd.) in 
order to obtain samples whose volume resistivity, melt-flow index 
and Izod impact strength are measured. 

(1) The samples are prepared by placing the starting 
materials in a Banbury kneader with a capacity of 5 L and a 
filling level of 80%, then kneading at 50 rpm for 1 min, then at 
70 rpm for 4 min. The temperature is 200-250°C. The kneaded 
samples are passed through a cylinder maintained at 164 ""C and 
transformed into sheets with a thickness of 5-7 mm, which are in 
turn cut up, crushed and granulated. 

(2) The sample for the measurement of the volume resistivity 
is prepared by molding the granules with an injection molding 
press (injection molding press of the type V-15-75 manufactured by 


Nippon Seikosho Co., Ltd,) into plates measuring 2 x 120 x 120 mm, 
and cutting them into blocks measuring 2 x 20 x 70 mm. The 
measurement is done according to Example 6. 

The samples for the measurement of the Izod impact strength 
are prepared by molding the granules with an injection molding 
press, cutting up and making a V-shaped notch in the products thus 
molded, and treating the notched products in standardized form and 
with the dimensions mentioned in the standard JIS K 7110. The 
injection molding press is maintained at 180-230°C in its screw 
part and at 80 °C in its mold part. The measurement is done 
according to the standard JIS K 7110. 
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Key: 1 


Experiment No- 

Composition of the PP resin 

Carbon black 

Quantity of carbon black in PHR 

Volume resistivity- - 

MFR g/10 min 
Izod impact strength 
Acetylene black 
Comparative example 


2 
3 
4 
5 
6 
7 
8 
9 


Examples 12-16 and Comparative Examples 12-15 

A granulated mixture containing 30 parts by weight of vinyl 
chloride resin powder (sold under the registered trademark of 
"Denka Vinyl SS-llOS" by Denki Kagaku Kogyo Co., Ltd.), 100 parts 
by weight of acetylene black (sold under the registered trademark 
of "Acetylene Black Powder" by Denki Kagaku Kogyo Co., Ltd) and 
180 parts by weight of water is treated at 1300°C in order to 
obtain thermally cracked carbon. 

The cracked carbon, the polymer and carbon fibers are kneaded 
together in the proportions specified in Table XI. More 
specifically, per 100 parts by weight of polymer, one adds 
0.5 part by weight of 2, 6-dibutyl-4-methylphenol (BHT) and 0.5 
part by weight of tri (nonylphenyl) phosphite, both used as 
antioxidant, and 1 part by weight of zinc stearate used as 
lubricant. The resulting mixture is kneaded for 8 min in a Banbury 
kneader maintained at 150 "^C; then the cracked carbon is added and 
kneaded for 2 min. The composition thus obtained is transformed 
into sheets using an 8-in cylinder (approximately 20.32 cm), sheet 
which is in turn crushed for measuring the melt- flow index and its 
volume resistivity. The results are indicated in Table XI. 


Note 1: 

(1) Polystyrene: "Denka Polystyrene HIS-3," registered 
trademark, manufactured by Denki Kagaku Kogyo Co., Ltd. (impact 
resistant, extremely pourable type) . 

(2) ABS: "Denka ABSOF, " registered trademark, manufactured by 
Denki Kagaku Kogyo Co., Ltd. (extremely pourable type). 

(3) Block polymer SB: Block styrene-butadiene copolymer sold 
under the registered trademark of "Denka STR 1602" by Denki Kagaku 
Kogyo Co. , Ltd. 

(4) Carbon by-product: "Ketchen EC," registered trademark, 
manufactured by Nippon EC Co., Ltd. 

(5) Carbon fibers: based on PAN: fibers cut 3 mm long, sold 
under the registered trademark of "Treka T-008A-003" by Toray Co., 
Ltd. Based on pitch: Graphitized cut fibers 3 mm long, sold under 
the registered trademark of "Treka C-203S" by Kureha Kagaku Kogyo 
Co., Ltd. 

Note 2: 

The mark X indicates that kneading is impossible. 
Note 3: 

The melt-flow index and the volume resistivity are measured 
according to the following processes: 

(1) Melt-flow index: Measured at a temperature of 200'^C under 
a load of 5 kg according to the standard JIS K 7210. 

(2) Volume resistivity: A sheet is pressed at 180°C under a 
pressure of 100 daN/cm^ in order to obtain a plate measuring 

2 X 20 X 70 mm which is then subjected to measuring with a digital 
multimeter ("TR 6856," registered trademark, manufactured by 
Takeda Riken Co., Ltd.). 
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1 

Example 

2 

Comparative example 

3 

Proportion of the starting material 

4 

Prooerties of comoositions 

5 

Polymer 

6 

\^ CL X. \^ 1 1 -l_ CI v_<' Jv 

7 

Carbon fibers 

8 

Pol vs t vrene 

9 

Block polymer SB 

10 

Thermally cracked carbon 

11 

Carbon by-product 

12 

Based on PAN 

13 

Based on pitch 

14 

Volume resistivity (Q*cm) 

15 

Melt-flow index (g/10 min) 

16 

Does not pour 


Examples 17-19 and Comparative Examples 16-18 


Electrically conductive compositions are prepared by kneading 
the cracked carbon used in Examples 12 to 16 with the constituents 
mentioned in Table XII, in the proportions specified there. 

In Examples 17 and 18 as well as in Comparative 
Examples 16-17, the kneading is done at room temperature with a 
Banbury kneader, and sheets are formed with a cylinder. The sheets 
are subjected to vulcanization under a press at 150°C for 25 min 
in order to obtain a thickness of 1.5 mm. In Example 17 and 
Comparative Example 18, the kneading is done at a temperature of 
120**C with a Banbury kneader, and the vulcanization under a press 
is done at 180°C, the other factors being equal. The physical 
properties of the 2-mm-thick plates obtained are indicated in 
Table XII. 
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Note 1: 

(1) Chloroprene rubber: "Denka Chloroprene Rubber M-40," 
registered trademark manufactured by Denki Kagaku Kogyo Co., Ltd. 

(2) Styrene-butadiene rubber: "Nipporu 1502," registered 
trademark manufactured by Nippon Zeon Co., Ltd. 

(3) Ethylene-vinyl acetate copolymer: "NUC-3145," registered 
trademark manufactured by Nippon Nika Co., Ltd. 

(4) Agent for resistance to aging A: "Nokurakku 224," 
registered trademark manufactured by Ouchi Shinko Co., Ltd. 

(5) Agent for resistance to aging B: "Nokusera-OZ, " 
registered trademark manufactured by Ouchi Shinko Co., Ltd. 


(6) Vulcanization promotor: "Sansera-22" (main ingredient 
2-mercaptoimidazoline) , registered trademark manufactured by 
Sanshin Kagaku Ltd. 

(7) Carbon fibers: "Treka T-008A-003," registered trademark 
manufactured by Toray Co., Ltd. 

Note 2: 

The physical properties of the compositions are determined by 
the following methods: 

(1) Volume resistivity: Measured at 200''C under a load of 5 
kg according to the standard JIS K 7210. 

(2) Mooney viscosity: measured according to the standard 
JIS K 6300. 

(3) The tensile strength, elongation, hardness, permanent 
elongation by compression and elastic modulus are all measured 
according to the standard JIS K 6301. 

Claims 

1. A carbon black having an excellent electrical 
conductivity, which is obtained by thermal treatment of a mixture 
of carbon black with a polymer and/or a bituminous substance which 
can be essentially transformed into carbon at a temperature not 
lower than 1000°C, and which has a pH not less than 9, a specific 
surface area of 40-70 m^/g, and an iodine adsorption of 50-80 
mg/g. 

2. A carbon black having an excellent electrical 
conductivity, which is obtained by thermal treatment of a mixture 
of carbon black with a polymer and/or a bituminous substance which 
can be essentially transformed into carbon at a temperature not 
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lower than 1000°C, and which has a pH not less than 9, a specific 
surface area of 40-70 m^/g, and an iodine adsorption of 50-80 mg/g 
and which exhibits a given X-ray diffraction image. 

3. An electrically conductive composition in which, per 

100 parts by weight of synthetic resin and/or of a material of the 
rubber type, 5-100 parts by weight of carbon black are added, 
obtained by thermal treatment of a mixture of carbon black with a 
polymer and/or a bituminous substance which can be essentially 
transformed into carbon at a temperature not lower than lOOO^'C, 
said carbon black exhibiting a pH not less than 9, a specific 
surface area of 40-70 m^/g, and an iodine adsorption of 
50-80 mg/g. 

4 . An electrically conductive composition containing 
5-100 parts by weight of carbon black according to Claim 1, and 
1-100 parts by weight of carbon fibers per 100 parts by weight of 
a polymer. 

5. A process for the preparation of an electrically 
conductive carbon black, characterized by the fact that it 
consists of granulating a starting carbon black and a carbon 
source substance, mixing the products thus granulated, and 
thermally treating the mixture thus obtained at a temperature of 
1000-2000 °C in a nonoxidizing atmosphere. 
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Figure 1 
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Key: 1 Volume resistivity Q-cm 

2 Melt-flow index (g/10 min) 

3 Acetylene black 

4 Carbon powder of the invention 
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Figure 2-2. X-ray diffraction image of Vulcan XC-72 
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Figure 2-4. X-ray diffraction image of the carbon black obtained 
by the present invention 


